Produce is increasingly recognized as a reservoir of human pathogens and transferable 26 antibiotic resistance genes. This study aimed to explore methods to characterize the 27 transferable resistome of bacteria associated with produce. Mixed salad, arugula, and 28 cilantro purchased from supermarkets were analyzed by means of cultivation-and DNA-29 based methods. Before and after a nonselective enrichment step, tetracycline (tet) 30 resistant Escherichia coli were isolated and plasmids conferring tet resistance were 31 captured by exogenous plasmid isolation. Tet resistant E. coli isolates, transconjugants 32 and total community (TC)-DNA from the microbial fraction detached from leaves or after 33 enrichment were analyzed for the presence of resistance genes, class 1 integrons and 34 various plasmids by real-time PCR and PCR-Southern blot hybridization. Real-time 35 PCR primers were developed for IncI and IncF plasmids. Tet resistant E. coli isolated 36 from arugula and cilantro carried IncF, IncI1, IncN, IncHI1, IncU and IncX1 plasmids. 37 Three isolates from cilantro were positive for IncN plasmids and bla CTX-M-1 . From mixed 38 salad and cilantro, IncF, IncI1, and IncP-1β plasmids were captured exogenously. 39 Importantly, whereas direct detection of IncI and IncF plasmids in TC-DNA failed, these 40 plasmids became detectable in DNA extracted from enrichment cultures. This confirms 41 that cultivation-independent DNA-based methods are not always sufficiently sensitive to 42 detect the transferable resistome in the rare microbiome. In summary, this study 43
IMPORTANCE INTRODUCTION
total of 10 isolates were positive for sulfonamide resistance genes sul1, 14 for sul2 and 140 five for sul3. The combination of sul1-sul2, sul2-sul3, and sul1-sul3 were detected in 141 seven, three and one isolates, respectively. All three sul genes were found in one tet 142 resistant E. coli isolate from cilantro. qnrB and qnrS genes encoding fluoroquinolone 143 resistance were detected alone or in combination in one and 38 isolates, respectively. 144 The bla TEM genes encoding for the resistance to ampicillin and amoxicillin were detected 145 in 82.5% of tet resistant E. coli isolates. The bla CTX-M-1 gene encoding ESBL resistance 146 was only detected in three isolates and was found in combination with bla TEM genes in 147 two E. coli from cilantro. The bla SHV gene encoding ESBL resistance was not detected 148 in any of the isolates. For streptomycin/spectinomycin resistance gene, aadA (24 149 isolates) was most common, followed by strA (21 isolates) and aadA-strA (three 150 isolates). 151 The class 1 integron integrase gene intI1 was detected in 50 isolates, while the class 2 152 integron integrase gene intI2 was not detected at all. Although qacE/qacE∆1 encoding 153 quaternary ammonium compound resistance is a typical component of class 1 154 integrons, the gene was detected only in 23 isolates, suggesting a large proportion of 155 atypical class 1 integrons. Interestingly, merRT∆P encoding for regulatory, transport, 156 and extracellular mercury-binding genes was detected in 12 isolates. These findings 157 show that produce can be a source of multidrug resistant E. coli isolates. To test if the tet resistant E. coli isolates recovered from produce harbor plasmids and to 161 assign them to known plasmid groups, their genomic DNA was screened by TaqMan 162 probe-based RT-PCR systems for IncF and IncI plasmids and by PCR-based replicon 163 typing (PBRT) ( Table 1 ). All isolates that were positive by RT-PCR targeting the IncF 164 (traI gene) were also identified by replicon typing as IncF confirming the specificity of 165 the novel TaqMan RT-PCR system. However, PBRT allowed also the assignment to the 166 different IncF subgroups. Furthermore, other plasmids were also identified by PBRT or 167 RT-PCR (korB, specific for IncP-1 plasmids) or PCR (IncN). A summary of the 168 plasmid/replicon types detected among the 63 representative tet resistant E. coli 169 isolates is given in Table 1 . For cilantro and arugula, almost all tet resistant E. coli 170 isolates contained plasmids [61 out of 63], but the plasmids detected in the two isolates 171 from mixed salad could not be assigned using the RT-PCR or PBRT. In most isolates 172 (n=45) one plasmid type was detected, but some had two (n=15) or three (n=1) 173 plasmids. Plasmids from seven different Inc groups were found in the 63 E. coli isolates: 174 IncFII (n=21), IncI1 (n=17), IncX1 (n=11), IncFIB (n=10), IncU (n=6), IncN (n=4), and 175 IncHI1 (n=2). All Inc groups were found in E. coli isolates from cilantro, whereas arugula 176 resulted in only two groups [IncI1 (n=5) and IncFII (n=2)]. Plasmids of the IncF groups 177 (FII and FIB) were the predominant types, followed by IncI1 and IncX1 plasmids. The 178 combination of replicon types IncFII and IncFIB was detected in two isolates, whereas 179 the combination of replicon types IncFII-IncI1 and IncFIB-IncI1 was found in six and five 180 isolates, respectively. In one isolate from cilantro the combination IncFII-IncFIB-IncI1 181 was detected. IncI2 plasmids were not detected in any of E. coli isolates. 194 We further investigated the presence of transferable plasmids in produce by capturing 195 tet resistance plasmids from nonselective enrichment culture of fresh leaves from 196 cilantro, mixed salad, and arugula by exogenous plasmid isolation into E. coli CV601.
197
Tet resistant transconjugants were only captured on day 0 but not on day 7. The 198 transfer frequencies of tet resistant transconjugants were 1.73 × 10 -7 , 1.55 × 10 -4 and 199 4.66 × 10 -9 per recipient in cilantro, mixed salad, and arugula, respectively. While all 200 transconjugants obtained from cilantro (n=27) and arugula (n=23) were characterized, 201 from mixed salad only a total of 41 transconjugants was analyzed due to the high 202 number of transconjugants obtained. Based on an initial phenotypic and genotypic 203 analyses, 15 representative out of 91 tet resistant transconjugants from produce 204 (cilantro, n=12; arugula, n=1; mixed salad, n=2) were selected for further 205 characterization. The majority of these transconjugants acquired resistance to at least 206 two antibiotic classes, and all were resistant to tetracycline, ampicillin and amoxicillin.
207
The bla TEM genes encoding for ampicillin and amoxicillin resistances were detected in 208 86.7% of tet resistant transconjugants ( Table 2 ). The tetracycline resistance gene tet(A) 209 was found in 13 out of 15 transconjugants from cilantro and arugula but not from mixed 210 salad, while tet(Q) was only detected in one plasmid (pBMS1) isolated from the mixed 211 salad. Four tetracycline resistance plasmids (pBC1.1, pBC1.3, pBC1.9, and pBC1.12) 212 captured from cilantro carried the insertion sequence IS1071 and class 1 integrons in addition sul1 and sul2, respectively. Two tet resistance plasmids (pBMS1 and 218 pBMS4) captured from mixed salad carried sul1, strA, merRT∆P, bla TEM , and intI1. One 219 plasmid (pBA1) captured from arugula carried bla TEM and tet(A) ( Table 2 ). Thus this 220 approach demonstrates that transferable multidrug resistance plasmids were easily 221 captured by E. coli CV601, a process that might also occur in the human gut.
223
Identification of exogenously isolated plasmids 224 The newly developed TaqMan probe-based RT-PCR assay was used to screen the tet 225 resistant transconjugants for the presence of IncF and IncI plasmids and validated by 226 PBRT. In addition, other plasmids were also identified by RT-PCR (korB, specific for 227 IncP-1 plasmids) and Southern blot hybridization. Plasmids of known Inc groups were 228 detected in all transconjugants from the mixed salad and cilantro but not in the 229 transconjugants from arugula. Representative transconjugants from cilantro and mixed 230 salad carried either one (n=11) or two (n=3) replicons. In 12 transconjugants from 231 cilantro samples four different plasmid replicon types were detected (Table 2) : IncFII 232 (n=3); IncFIB (n=6); IncI1 (n=2); and IncP-1β (n=4). In contrast, the transconjugants 233 isolated from mixed salad showed only one replicon type, IncFII (n=2) . One plasmid 234 that could not be assigned by PBRT or RT-PCR was isolated from arugula leaves. The 244 We also screened for plasmids (IncF, IncI1 and, IncI2), tetracycline resistance genes 245 tet(A) and integrase gene intI1 in TC-DNA extracted from bacterial communities either 246 directly after their detachment from fresh leaves or after an enrichment step, using 247 PCR-Southern blot hybridization and RT-PCR (Table 3 ). Using the RT-PCR method, The present study showed that bacteria associated with produce can carry various 278 plasmids that might serve as link between the environmental and the human gut produce with E. coli strains can occur in the field by contaminated soil (organic 282 fertilizers), exposure to contaminated irrigation water or post harvest (12, 13). In this 283 study, tet resistant E. coli isolates were mostly isolated from cilantro that was purchased 284 in four Asian supermarkets in two cities, followed by mixed ready to eat salad and 285 arugula. This might be a hint that produce imported from Asia might be a hotspot for 286 contamination with E. coli carrying multidrug resistance plasmids. A high proportion of 287 the tet resistant E. coli isolates was also resistant to penicillins (AM and AMX) followed 288 by trimethoprim. Although it is difficult to compare among studies because of different 289 methodologies used for isolation and resistance testing, our results are in line with high 290 resistance levels to penicillins and trimethoprim previously reported for E. coli from 291 irrigation water and vegetables (18), ready to eat salads (1), and lettuce (2) . In the 292 present study, tet resistance was commonly conferred by tet(A), partly confirming 293 previous studies reporting tet(A) and tet(B) genes as the most common tet resistance 294 genes in E. coli and Salmonella spp. isolated from ready to eat vegetables (1, 32) . The 295 rapid dissemination of tetracycline resistance among bacteria has been related to the 296 occurrence of tet resistance genes on transposons and conjugative plasmids (22, 23, 297 33), but also to the selective pressure, e.g. the use of antibiotics in animal husbandries 298 and the spread of tet resistance genes via organic fertilizers (31).
Detection of IncF and IncI plasmids, tet(A), and intI1 in total community DNA

299
Plasmid-mediated multidrug resistance plays an important role in the transfer of ARGs 300 around the world (34). Our study showed that E. coli isolates from produce harbored 301 various plasmids belonging to replicon types IncF, IncI1, IncX1, IncU, IncN, and IncHI1, 302 with IncF plasmids being the most frequently detected. IncF plasmids were found 303 predominantly in E. coli isolated from drinking water (35) and poultry farms (36). In our 304 study IncFII was the most frequently detected (36.5%) replicon type, followed by IncFIB 305 (15.9%), which is in line with studies on E. coli recovered from pigs and human (37), 306 wastewater (38), and animals (39). The combination of replicon types IncFII and IncFIB 307 in two isolates is consistent with a report on Enterobacter cloacae from lettuce (3).
308
However, we cannot exclude that these replicons are located on the same plasmid, as 309 several studies have reported the combination of replicon types as a multi-replicon on a 310 single plasmid (40-42), likely due to co-integration (28). In this study, tet resistant E. coli 311 isolates which carried IncF plasmids were positive also for tet(A), aadA, sul1, sul2, sul3, 312 qacE/qacE∆1, qnrB, qnrS or bla TEM genes. Previous reports found that IncF plasmids 313 can carry genes conferring resistance to all major antibiotic classes including 314 aminoglycosides, β-lactams, phenicols, tetracyclines, sulfonamides, and 315 fluoroquinolones (37, 39, 43).
316
The NHR IncI1 plasmid types were the second most dominant replicon type (34.9%) 317 and IncI1 positive isolates also carried multiple ARGs. In this study, strains carrying 318 IncI1 plasmids were also positive for class 1 integron integrase gene intI1 and a diverse 319 set of resistance genes, namely tet(A), sul2, strA, bla TEM , qacE/qacE∆1, aadA, sul3, 320 qnrS, and merRT∆P. In a recent study, IncI1 plasmids from irrigation water and lettuce 321 carried genes sul1, tet(A), aadA, strA, and bla TEM as well as intI1 (18). Similar found on produce, which is similar to previous studies (19, 47, 48). In the present study, 340 the occurrence of ESBL-producing E. coli were only isolated from cilantro (2.8%).
341
To our knowledge, this is also the first report of E. coli isolates from cilantro that were 
348
The results of the present study is investigation showed that E. coli isolates harboring 349 the bla CTX-M-1 gene also conferred resistance to at least seven classes of antibiotics In the present study, transferable tet resistance plasmids were also directly captured 361 from the produce microbiomes on day 0 but not on day 7 after purchase, and the 362 highest transfer frequency was observed in mixed salad, followed by cilantro and However, the first isolations of IncP-1 plasmids were from clinical isolates (62, 63). The 379 IncP-1β plasmids carried genes conferring resistances to antibiotics tet(A), strA, and 380 bla TEM but also mercury compounds (merRT∆P) and disinfectants (qacE/qacE∆1).
381
In conclusion, this study showed that produce that we eat might contain bacteria such For sampling, the produce was cut into smaller pieces using a sterile scalpel and mixed.
424
Of each sample 25 g were placed in two stomacher bags (one for direct plating and the 425 other for enrichment) and mixed three times with 75 ml buffered peptone water (BPW, Primer-probe design (IncF, IncI1, and IncI2 plasmids) 513 As it is known that relaxase genes can be used for classification of the mobilization 514 systems of plasmids (68), the traI gene region was chosen as a target region to design Table 4 ). Those sequences belonged mostly to plasmids isolated from Salmonella Table 4 ). The specificity was confirmed in silico 541 with NCBI primer BLAST and with a set of plasmids from other incompatibility groups.
542
Plasmids used for this test were R388, pB10, pHHV216, RSF1010, pSM1890, RP4, 543 pHH3-414, pHH2-227, pRA3, RN3, RSF1010, pTH10, pTP6, R751, pQKH54, pKS208, 544 pEST4002, pJKJ5, pMCBF1, pRMS149, pCAR1, pD2RT, pD67, pWW0 and pST527 545 from which none was amplified. (Table 4) . 
Figure legends
